The phycobiliprotein phycoerythnn was localized in symbiotic and free-living Nostoc of the cycad Cycas using immunocytochemistry. In symbiotic Nostoc, phycoerythrin was associated with the thylakoid membranes of vegetative cells and absent from heterocysts. Similar cellular/subcellular localization was observed between symbiotic Nostoc and the free-living Cycas isolate Nostoc 7422.
Phycobiliproteins are water-soluble accessory pigments involved in the operation of PSII. These proteins may represent up to 50% of the total cellular proteins in cyanobacteria and red algae (7) . The phycobiliproteins can be divided into allophycocyanins, phycocyanins, phycoerythrins, and phycoerythrocyanins. Phycoerythrins are widely distributed among all groups of cyanobacteria, but are not universally present. The light-harvesting phycobiliproteins are, in cyanobacteria, localized in complex structures on the thylakoids, referred to as phycobilisomes (7) .
In filamentous heterocystous cyanobacteria differentiation of a vegetative cell to a heterocyst leads to pronounced rearrangement of the thylakoid membranes as well as a high protease activity (6, 9) . Atmospheric N2 is fixed by the enzyme complex nitrogenase, cellularly localized to heterocysts only (5, 6, 23) . The differentiation process leads to a drastic decrease and/or loss ofthe phycobiliprotein from the heterocysts of some cyanobacteria (9, 24) . However, based on microspectrophotometric absorbance and fluorescence spectra of intact cells in filaments (1 1, 12, 18 ), or isolated from filaments (27) , phycobiliproteins have been reported to be present in heterocysts ofsome cyanobacteria. In heterocysts ofAnabaena variabilis, the phycobiliproteins also appear to be organised into phycobilisomes (12) .
On establishing a symbosis with a eukaryotic organism considerable changes of the cyanobacterium are obvious, e.g. a drastic increase in the heterocyst frequency. It is known that phycobiliproteins are synthesized in intact filaments of the cyanobionts of the lichen Peltigera (3, 10, 22) , the water-fern Azolla (1, 11, 25, 26) and the cycad Cycas circinalis (17) . Moreover, phycobilisomes have been shown to be present in Nostoc vegetative cells of the cycad Zamia skinneri (13) . ' Supported by the Swedish Natural Science Research Council, The Crafoord Fund, and Marianne and Marcus Wallenberg Foundation.
However, the cyanobionts ofliverworts (20) and Gunnera (21) apparently lack such proteins. The presence of phycobiliproteins in both vegetative cells and heterocysts of Anabaena in symbiotic association with Azolla has been clearly demonstrated (1 1, 26) .
When a free-living cyanobacterium enters a cycad coralloid root, the environment for the cyanobacterium changes drastically. From being a photoautotrophic organism the cyanobiont ends up in darkness and obviously from now on depends on the eukaroytic cycad for reduced carbon compounds and energy. Do such pronounced changes have any impact on the synthesis and cellular/subcellular distribution of the photosynthetic pigments in a heterotrophic Nostoc? For the first time a specific antiserum raised against C-phycoerythrin is used to detect and localize phycoerythrin in a symbiotic cyanobacterium.
MATERIALS AND METHODS Materials
Coralloid roots of Cycas revoluta Thunb. were collected from plants growing in a greenhouse (Botanical Garden, University of Uppsala, Sweden). Free-living Nostoc 7422 (PCC 7422, ATCC 29132), originally isolated from the cycad Cycas sp., was obtained from the Pasteur Culture Collection (Paris, France). Cells were grown and harvested as described earlier (16 (6) except that the nitrocellulose-membranes were incubated with primary antiserum against C-phycoerythrin purified from the cyanobacterium Phormidium persicinum (rabbit anti-C-phyroerythrin antiserum, 1:500 dilution) (8) .
Immunogold Labeling
Fixation, embedding and immunogold labeling were all performed as described previously (4) . The primary antiserum used (1:3000 dilution) was as above. 
RESULTS AND DISCUSSION
First, the specificity of the polyclonal C-phycoerythrin antiserum used was tested. Extracts ofthe free-living Cycas isolate Nostoc 7422, a strain known to synthesise C-phycoerythrin (19) , were subjected to SDS-PAGE and Western blotting. Two distinct bands appeared when visualized using a secondary antibody conjugated to horseradish peroxidase demonstrating that the antiserum used specifically recognizes two polypeptides (Fig. 1) . The Mr of these polypeptides were estimated to be 18.6 and 24.4 kD, corresponding to the aand ,B-subunits of phycoerythrin, respectively. The Mr observed correspond to those described for other cyanobacteria (7). Furthermore, using Ouchterlony diffusion technique, no recognition was observed between the C-phycoerythrin antiserum used in the present study and purified cryptomonad phycoerythrin and phycocyanin (8) .
Second, thin sections of the symbiotic Nostoc and the freeliving isolate Nostoc 7422 were subjected to immunogold labeling. Binding of anti-C-phycoerythrin antiserum was visualized by gold particles conjugated to anti-rabbit immunoglobulin G and TEM. Phycoerythrin occurred in symbiotic Nostoc of Cycas revoluta in the vegetative cells while there was virtually no label in the nitrogen-fixing heterocysts (Fig.  2) . The label was found predominantly in the thylakoid regions and was practically absent from the centroplasm. Similar cellular and subcellular localization of phycoerythrin was observed in the free-living Cycas isolate Nostoc 7422 (Fig.  3) . The intensity of the gold label in the vegetative cells of the isolate varied from cell to cell along a filament but all vegetative cells showed presence of phycoerythrin. Again, sections through the central plane of vegetative cells showed that phycoerythrin was heterogeneously distributed within the cells and predominantly localized in the thylakoid regions.
One of the most pronounced effects on the cyanobionts of cycads is the increased differentiation of vegetative cells into 2Abbreviation: TEM, transmission electron microscopy.
Cp. V * -: -th. . heterocysts (14, 15, 17) . In contrast to most other symbiotic cyanobacteria, the cyanobionts of cycads seem unaffected in several other aspects. For instance, the cellular/subcellular localization of nitrogenase (5) and glutamine synthetase (15) , the in vitro activities of glutamine synthetase (15) (17) , and for cyanophilic lichens such as Peltigera spp. (3, 10, 22) , in which the Nostoc filaments are capable of synthesizing phycobiliproteins. The results are, however, in contrast to the situation in the liverwort (20) and Gunnera (21) symbioses where the cyanobionts lack such proteins, and partly in contrast to the situation in the Anabaena-Azolla symbiosis where phycobiliproteins, although being present, occur both in heterocysts and vegetative cells (1 1). In the Anabaena-Azolla symbiosis, however, the symbiont is reached by light which, absorbed by phycobiliproteins, supports nitrogenase activity (26) .
It appears as a waste of energy for the heterotrophic cyanobacteria in cycad coralloid roots to synthesise proteins/enzymes which are obviously not needed and points to lack of a regulatory capacity.
